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EYE-WEAR WITH MAGNETS 

Inventors: 
David Chao 
Richard Chao 



Jl^fev^ CROSS REFERENCE TO RELATED APPLICATION 

This is a continuation-in-part of co-pending U.S. Patent Application S/N 
08/766,3 27,nfiled on December 13, 1996, co-pending U.S. Patent Application 
S/N 08/847,7 1 1 , filed on April 28, 1997, and co-pending U| Patent 
Application S/N 08/865, 3 79,jfiled on May 29, 1997, all incorporated by 
reference into this specification 

BACKGROUND OF THE INVENTION 
The present invention relates generally to eye-wear and more particularly 
to eye- wear using magnets for attachment. 

Auxiliary frames with lenses have been used for decades to augment 
deficiencies in primary frames. For example, the auxiliary frames may be for 
magnifying purposes, or may transform the primary frames into sunglasses. 

For decades, people around the world have been creating numerous 
ingenious methods to attach the auxiliary frames onto the primary frames. In 
one line of approaches, the auxiliary frames are clipped onto the lenses of the 
primary frames. Not only do such clips obstruct the wearer's vision, they may 
scratch the lenses of the primary frames. To alleviate the defect of view 
obstruction, there are designs using small clips at the edges of the frames. 
However, these small clips still create scratches on the lenses and the primary 
frames; and attaching these auxiliary frames with small clips requires some 
maneuvering with two hands, and it would not be easy to do so, for example, if 
one is driving. Also, to detach such an auxiliary frame from its primary frame, 
) one typically have to push down at its bridge and warp the frames outward on 
both sides of the lenses. It is not uncommon for such actions to permanently 
deform the auxiliary frame. 
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Another approach uses two pairs of magnets instead of clips, with one 
pair on the primary frame and the other on the auxiliary frame. The magnets are 
located on the plane of the lenses, and are close to the temples of the frames. 
Since they are on the plane of the lenses, they have to be carefully designed so 
that they can blend into the general style of the frame, without being too 
conspicuous. One way is to make the magnets very small. With gravity pulling 
the auxiliary frame away from its primary frame, the magnets have to be of 
certain size so as to have sufficient magnetic power to hold the auxiliary frame to 
the primary frame. ' 

One reason for the magnets to be close to the temples is that the pair of 
magnets on a frame should be as far apart as possible. This is to ensure the 
auxiliary frame to be right over the primary frame, not only at the locations close 
to the bridges of the frames, but also at the locations close to the arms of the 
frames. However, in order to have sufficient coupling power, the magnets on 
the auxiliary frame have to match in both locations and orientations to the 
magnets on the primary frame. This is not an easy task, especially because the 
magnets are typically very small for stylistic reasons. 

The further away the pair of magnets are on a frame, the more difficult it 
is to align them in both locations and orientations to magnets on another frame. 
First, imagine the magnets in a primary frame are slightly off in locations from 
those in an auxiliary frame. Since the magnets are quite small, slight 
misalignment in the locations would significantly reduce magnetic coupling 
between the frames. Next, imagine one small magnet in the primary frame is 
different in orientation from its corresponding magnet in the auxiliary frame. 
This can happen, for example, if the auxiliary frame has been slightly twisted— the 
magnitude of the difference is proportional to the distance between the pair of 
magnets on the frame. Two magnets may not even be able to couple together if 
they have different orientations. Misalignment in locations or orientations not 
only adversely affects the coupling power of the auxiliary frame to the primary 
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frame, but also creates an unpleasant outward appearance for the wearer, 
especially when the auxiliary frame is tilted relative to the primary frame. 

It should be apparent from the foregoing that there is a need for 
improved methods and apparatus to attach auxiliary frames to primary frames so 
5 that auxiliary frames can be easily, firmly and elegantly attached to primary 
frames. 

SUMMARY OF THE INVENTION 

The present invention provides methods and apparatus to easily, firmly 
10 and elegantly attach auxiliary frames to primary frames, based on magnetic 

members at the bridges of frames. The invention has numerous advantages. For 
example, it creates a very strong support for attaching auxiliary frames to 
primary frames, it is relatively easy to manufacture, it is easier to blend into the 
general design of frames, and it makes the auxiliary frames easily applicable to 
1 5 primary frames even with just one hand. 

In one embodiment, the magnet at the auxiliary frame does not couple to 
the magnet at the primary frame on the plane of the lenses or the frontal plane. 
Instead, the magnet at the bridge of the auxiliary frame sits on the magnet at the 
primary frame. Coupling at a different plane, based on the present invention, 
20 reduces the difficulty in aligning the auxiliary frame over the primary frame, not 
only at the locations close to the bridges of the frames, but also at the locations 
close to the arms of the frames. 

With the magnetic members at the bridges, there are many other 
advantages. The magnets are much less conspicuous than magnets disposed on 
25 the plane of lenses, making them easier to design and to blend them into the 

general style of frames. Gravity, instead of adversely affecting the coupling of 
the auxiliary frames to the primary frames, helps to keep them together. 

Also, even if there are more than one magnet at a bridge, since the bridge 
is short, the magnets are in close proximity. This reduces the difficulty in 
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aligning the locations and the orientations of the magnets in the auxiliary frame 
to those in the primary frame. In one embodiment where soldering is required, 
one only has to solder the bridge to the retaining mechanisms holding the lenses. 
This requires four soldering steps for both the auxiliary and primary frames: Two 
5 for the bridge at the primary frame to the two retaining mechanisms on either 
end of the bridge, and two for the bridge at the auxiliary frame to its retaining 
mechanisms. However, if the magnets are at the temples on the arms of the 
primary frame, one probably has to perform eight soldering steps: Two for the 
bridge at the primary frame to the two retaining mechanisms, two for the bridge 
10 at the auxiliary frame to its two retaining mechanisms, two for the retaining 

mechanisms to their corresponding arms for the primary frame, and two for the 
retaining mechanisms to their corresponding short arms for the auxiliary frame. 
With more soldering required, it is more difficult to match the locations and 
orientations of magnets. 
15 In one embodiment, before magnets are assembled into the bridges, the 

bridges of both the primary and the auxiliary frames are made together, in one 
molding process. In another embodiment, both types of bridges are generated 
from the same mold before they are connected to their corresponding retaining 
mechanisms. Such manufacturing processes significantly enhance the matching 
20 in locations and orientations of the magnets in the auxiliary frame to those in the 
primary frame. Moreover, such manufacturing processes enhance the matching 
in the curvatures of the bridges of the primary frames to the curvatures of the 
bridges of the auxiliary frames. 

Not only is the present invention more elegant, easier to design, easier to 
25 manufacture and more secure in attachment than prior art approaches, a person 
can easily use one hand to attach an auxiliary frame onto a primary frame of the 
present invention. 

In one embodiment, a first frame of an eyeglass device includes a bridge 
with a magnetic member, and two retaining mechanisms for supporting a pair of 



Attorney Docket No.:CONT1000CIPlMCF/PPT 
ppt/cont/1 OOOcip 1 .00 1 




EXPRESS MAIL RECEIPT NO. 

TB597449677 US 



-5- 

lenses. The retaining mechanisms defines a frontal plane, which is the plane of 
the lenses, or the plane in front of the face of a wearer of the eyeglass device. 
The bridge connects the two retaining mechanism and holds them together. The 
magnetic member at the bridge magnetically couples to another magnetic 
member at the bridge of a second frame. The coupling can occur at a coupling 
surface on the second frame that is substantially perpendicular to the frontal 
plane. When coupled, the second frame is attached to the first frame. Due to 
the location of the coupling, one of the frames is restricted from moving 
downwards relative to the other frame. The magnetic 5 member at the bridge of 
the first frame can be a permanent magnet. 

* In another embodiment, the magnetic member at the bridge of the first 
frame is in the shape of a cavity so as to receive the second frame's magnetic 
member, which is in the shape of a protrusion that can fit into the cavity. In yet 
another embodiment, the magnetic member at the bridge of the first frame 
comprises two separate parts, with each part being adjacent to one of the 
retaining mechanisms. 

The second frame can be the primary frame, and the first frame can be 
the auxiliary frame. In one embodiment, the auxiliary frame further includes a 
flange that extends from the bridge of the frame to further secure the attachment 
of the auxiliary frame to the primary frame. The flange can generally be in the 
lateral or in the vertical direction relative to the bridge. 

Other aspects and advantages of the present invention will become 
apparent from the following detailed description, which, when taken in 
conjunction with the accompanying drawings, illustrates by way of example the 
principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 shows the top view of an auxiliary frame and a primary frame in a 
first embodiment of the present invention. 



Attorney Docket No. :CONT1000CIPIMCF/PPT 
ppt/cont/1000cipl.00l 



EXPRESS MAIL RECEIPT NO. 

TB597449677 US 




-6- 



FIG. 2 shows the front view of the first embodiment. 

FIG. 3 shows the top view of the auxiliary frame attached to the primary 
frame in the first embodiment of the present invention. 

FIG. 4 illustrates the bridge angle of the first embodiment of the present 
invention. 

FIG. 5 shows the top view of the auxiliary frame and the primary frame 
in a second embodiment of the present invention. 

FIG. 6 shows the top view of the auxiliary frame attached to the primary 
frame in the second embodiment of the present invention. 

FIG. 7 shows the front view of the second embodiment. 

FIGS. 8-9A-B show embodiments of the present invention where the 
bridges include a cavity and a protrusion. 

FIGS. 10A-C show an embodiment of the present invention with a hinge 
at the bridge. : • 

FIG. 1 1 shows an embodiment of the present invention with the bridge 
including lateral extensions. 

FIGS. 12A-B show an auxiliary frame with lateral extensions attached to 
a primary frame in the present invention. 

FIG. 13 shows an embodiment of the present invention with the bridge 
including a vertical extension. 

FIG. 14 shows an auxiliary frame with a vertical extension attached to a 
primary frame in the present invention. 

FIG. 15 illustrates the bridge angle and the extension angle of the 
embodiment of the present invention that has a vertical extension at the bridge. 

FIG. 16 shows another embodiment of the present invention where the 
bridge of the auxiliary frame includes a U-shaped structure having two arms. 

Same numerals in FIGS. 1-16 are assigned to similar elements in all the 
figures. Embodiments of the invention are discussed below with reference to 
FIGS. 1-16. However, those skilled in the art will readily appreciate that the 
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detailed description given herein with respect to these figures is for explanatory 
purposes as the invention extends beyond these limited embodiments. 

DETAILED DESCRIPTION OF THE INVENTION 

5 FIG. 1 shows the top view of an auxiliary frame 102 and a primary frame 

104 in a first embodiment 100 of the present invention. In order to better 
illustrate the present invention, many components are not shown in the figure. 

The auxiliary frame 102 includes two retaining mechanisms, 106 and 108, 
a bridge 1 12, and a magnetic member 1 14. The retaining mechanisms support a 

10 pair of auxiliary lenses, 105 and 107, and defines a frontal plane 110, which is 
the plane in front of the face of a wearer of the embodiment 100; The bridge 
112 connects the two retaining mechanisms and holds them together. The 
magnetic member 1 14 at the bridge 112 of the auxiliary frame 102 magnetically 
couples to another magnetic member 1 16 at the bridge 118 of the primary frame 

15 104. In one embodiment, the magnetic member 1 14 of the auxiliary frame is 

located in an extension, which extends slightly over and sits on the bridge of the 
primary frame as shown in FIG. 3. As an example, the width 1 13 of the 
extension is about 10 mm. In one embodiment, the surface area of the bridge of 
the auxiliary frame is more than 28 mm square. 

20 The primary frame 104 also includes two retaining mechanisms, 120 and 

122, for supporting a pair of primary lenses, 124 and 126. The bridge 1 18 at the 
primary frame 104 connects the two retaining mechanisms, 120 and 122, and 
holds the two mechanisms together. 

FIG. 2 shows the front view of the first embodiment with the auxiliary 

25 frame 102 magnetically coupled to the primary frame 104, while FIG. 3 shows 
the top view. As shown in the figures, due to the location of the magnetic 
members, when the primary frame 104 is magnetically coupled to the auxiliary 
frame 102, the auxiliary frame 102 is restricted from moving downwards relative 
to the primary frame 104. In one embodiment, one frame is restricted from 
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moving downwards means that gravity helps the frame to be attached to the 
other frame; in another embodiment, one frame is restricted from moving 
downwards means that friction, due to gravity, helps the frame to be attached to 
the other frame. The enhancement is better illustrated in FIG. 4. The magnetic 
5 coupling of the magnetic members, 114 and 116, occurs at a coupling surface 
130 on the primary frame 104. The coupling surface 130 is substantially 
perpendicular to the frontal plane 110. To be more specific, the angle between 
the coupling surface 130 and the frontal plane 1 10 is defined as the bridge angle 
132. In one embodiment, the coupling surface 130 being substantially 

10 perpendicular to the frontal plane 1 10 means that the bridge angle 132 is 
approximately in the range of 135 degrees and 45 degrees. This range can 
increase with stronger magnets due to the advancement in the magnet 
technology. In another embodiment, the bridge angle is less than 90 degrees, but 
more than 45 degrees. In yet another embodiment, the bridge angle is between 

15 90 degrees and 75 degrees. 

In one embodiment, when the frames are coupled, the orientation of the 
coupling surface 130 at the primary frame is similar to the orientation of the 
auxiliary frame coupling surface 140, as shown in FIG. 4. In another 
embodiment, the surface of each magnetic member that is for magnetic coupling 

20 to another magnetic member is defined as a magnetic coupling surface, such as 
the surface 115. When the frames are coupled, the orientation of the magnetic 
coupling surface of the magnetic member 1 14 at the auxiliary frame is 
substantially the same as the orientation of the magnetic coupling surface of the 
magnetic member 1 16 at the primary frame. Matching the two orientations of 

25 the magnetic coupling surfaces enhances magnetic coupling between the two 
frames. 

To further enhance coupling between the two frames, in one 
embodiment, the magnetic coupling surface of each magnetic member has no 
bumps, or is smooth. In the present invention, a bump is defined as a small 
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structure on the magnetic coupling surface of a magnetic member that is bigger 
than 10 microns in any of its lateral dimensions and 10 microns high. Also, 
bumps are small structures that, due to its minute size, it is easy to randomly 
dispose more than one hundred of them on the magnetic coupling surface of a 
magnet. 

In yet another embodiment, one of the magnetic members slightly 
protrudes from its coupling surface to ensure that, when the frames are attached 
together, the two magnetic members are in contact, instead of other areas at the 
coupling surfaces in contact. Again this enhances attachment of the two frames. 

In a further embodiment, at least one of the magnetic members slightly 
recedes from its coupling surface, for example by ten microns. The receding 
prevents the magnetic members from touching each other when frames are 
coupled together. In one class of permanent magnets, if they are exposed to the 
atmosphere, corrosion can occur. To prevent corrosion, after the magnets are 
assembled into their corresponding bridges, the surfaces of the magnets exposed 
to the atmosphere are plated. Every time when the frames are coupled, if their 
corresponding magnetic members touch, as time goes by, the plating might be 
chipped, exposing the underlying magnets. This embodiment reduces the chance 
of corrosion by slightly receding at least one magnetic member from the coupling 
surface so that even with plating, the plated magnetic surfaces would not be in 
contact when the frames are coupled together. Then when frames are coupled, 
the magnetic members would be magnetically coupled, but not mechanically 
coupled, with other parts on the coupling surfaces mechanically coupled 
together. 

If the auxiliary lenses are shades so that the first embodiment 100 acts as 
sunglasses, preferably, sun rays should be prevented from entering into the gap 
between the primary lenses and the secondary lenses. Due to the location of the 
magnetic members, the intrusion of sun rays in between the primary and the 
auxiliary frames is substantially reduced. 
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In the present invention, a magnetic member can be a permanent magnet 
or a magnetizable element, such as iron or magnetizable stainless steel. In one 
embodiment, a part is magnetizable if it can be attracted by a magnet. For 
magnetic coupling, at least one of the magnetic members is a permanent magnet. 
5 If both members are permanent magnets, but of opposite polarity at the coupling 
surface 130, the strength in magnetic coupling will be stronger. 

FIG. 5 shows the top view of the primary frame 150 and the auxiliary 
frame 165 in a second embodiment 180 of the present invention. In this 
embodiment, the magnetic member at the bridge 152 of the primary frame 150 
1 0 includes two separate parts, 1 54 and 1 56, with each part being adjacent to one of 
the retaining mechanisms; for example, the magnetic member part 154 can be 
adjacent to the retaining mechanism 158, and the magnetic member part 156 can 
be adjacent to the retaining mechanism 160. This enablement is applicable to 
bridges that are curved, as shown in FIG. 7. FIG. 6 shows the top view of the 
1 5 auxiliary frame 165 attached to the primary frame 1 50 in the second embodiment 
of the present invention. FIG. 7 shows the front view of this second 
embodiment 180. 

In one embodiment, when coupled, the orientation of the magnetic 
members 174 and 176 at the auxiliary frame coupling surface is substantially the 
20 same as the orientation of the magnetic members 154 and 156 at the primary 

frame coupling surface, as in the first embodiment. Matching the orientations of 
the magnetic members enhances magnetic coupling between the two frames. In 
yet another embodiment, one set of the magnetic members slightly protrudes 
from their corresponding coupling surface to ensure that, when the frames are 
25 attached together, the magnetic members are in contact, instead of other areas at 
the coupling surfaces in contact. The set that protrudes can be both members 
from one frame, or one member from the auxiliary frame with the member not 
directly opposite to that member from the primary frame. The amount of 
protrusions from the two members should be substantially the same. Again this 
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enhances attachment of the two frames. It is much easier to match the 
orientations of the magnetic members when they are located at the bridges, 
instead of much further apart on the frames, especially when typically frames are 
artistically curved, fitting the circumferential profile of a typical face. 

Although the present invention has only illustrated a magnetic member 
with only one or two parts, it should be clear that a magnetic member can have 
more than two parts. 

FIGS. 8-9 A-B show embodiments of the present invention where the 
bridges include a cavity and a protrusion. FIG. 8 shoWs the top view of the 
bridge 200 of a primary frame, with a magnetic cavity member 202. In this 
example, the cavity is a ring, with the magnetic member lining the walls of the 
ring. However, in other examples, the cavity can be a square or of other shapes. 
FIG. 9 A shows the front view of the bridge 204, with a magnetic protrusion 
member 206 that fits into the magnetic cavity member 202. The protrusion and 
the cavity further enhance the security of attachment of the auxiliary frame into 
the primary frame. In one embodiment, the wall of the ring 202 is a permanent 
magnet, while the protrusion is a magnetizable element 206, or vice versa. When 
coupled, at least a part of the protrusion fits into the cavity. In another 
embodiment, both the cavity walls and the protrusion are permanent magnets of 
opposite polarity. FIG. 9B shows another embodiment of the front view of the 
bridges with a cavity and a protrusion. In this embodiment, the magnetizable 
member is located at the distal part 210 of the protrusion 212, and at the bottom 
214 of the cavity 216; the cavity does not go all the way through the bridge 218. 
Different combinations are applicable. For example, the cavity 216 is a 
magnetizable member, and the protrusion 212, not just its distal end, is a 
permanent magnet. In another example, a permanent magnet 214 sits at the 
bottom of the cavity 216, while the protrusion 212 is a magnetizable member. 

In yet another embodiment, both the cavity walls and the protrusion are 
not permanent magnets, but the bridges include magnetic members such as those 
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in the first or in the second embodiments. The protrusion and the cavity further 
improve the security in the attachment of the auxiliary frame to the primary 
frame. In this embodiment, again, the cavity can be similar to the cavity shown 
in FIG. 9B, where it does not have to go all the way through the bridge. 
5 In one embodiment, the primary frame includes one or more 

magnetizable j^ember, and the auxiliary frame includes one or more permanent 
magnets. The magnetic members are located as in either the first or the second 
embodiments. The bridge at the primary frame further includes a cavity to 
receive a protrusion located at the bridge of the auxiliary frame. The magnetic 
10 members with the protrusion and the cavity are located at the bridges, but are 

distributed apart for maximum mechanical strengths. For example, the magnetic 
members can be located as in the second embodiment with the cavity and the 
protrusion located at the center of the bridges, as in FIG. 9. As an example, the 
protrusion is made of nickel-silver, stainless steel or titanium, and is a rod that is 
15 about 1 mm long and about 1.5 mm in diameter. 

FIGS. 10A-C show an embodiment 250 of an auxiliary frame of the 
present invention with a hinge 251 at the bridge 253. FIG. 10A shows the top 
view of the auxiliary frame with a primary frame; FIGS. 10B-C show the front 
view and the top view of the auxiliary frame attached to the primary frame. One 
20 benefit of having a hinge is that the frame can be folded, which will save storage 
space for the auxiliary frame. 

FIG. 1 1 shows an embodiment 260 of an auxiliary frame of the present 
invention with the bridge including a flange that extends from the bridge of the 
frame to further secure the attachment of the auxiliary frame to a primary frame. 
25 This flange enhances attachment between the primary and the auxiliary frames, 
and can reduce the gap between the two frames. In FIG. 1 1, the flange includes 
two lateral extending parts, 261 and 263, each extending laterally from one end 
of the bridge 265. 

FIGS. 12A-B show the front view and the top view of the auxiliary frame 
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with lateral extensions attached to a primary frame 275 in the present invention. 
When the auxiliary frame is attached to the primary frame, a portion of each 
retaining mechanism of the primary frame, such as the portion 277, is disposed 
between a portion of the retaining mechanism of the auxiliary frame and a 
portion of one lateral extension. The extensions further restrict the separation of 
the auxiliary frame from the primary frame after their attachment. Note that the 
auxiliary frame can still be easily attached to the primary frame with one hand 
even with the extensions. To prevent intrusion into the wearer's vision, the 
extensions are relatively short. In one embodiment, the length 281 of an 
extension is about 1mm, and its thickness is the thickness of the bridge. 

' FIG. 13 shows an embodiment of an auxiliary frame 300 of the present 
invention where the flange 302 is vertical relative to the bridge. For such a 
flange when the auxiliary frame 300 is attached to a primary frame, the bridge of 
the primary frame is disposed between frontal plane and the flange, as shown in 
FIG. 14. Again, the vertical flange further restricts the separation of the 
auxiliary frame from the primary frame after their attachment. Also the auxiliary 
frame can still be easily attached to the primary frame with one hand even with 
the vertical extension. In one embodiment, the length 304 of the extension 302 
is about 1.5mm, and its thickness is the thickness of the bridge. 

The width 306 of the bridge of the auxiliary frame can be wider than the 
width 308 of the bridge of the primary frame. As an example, with the vertical 
flange, when the auxiliary frame is attached to the primary frame, there can be a 
gap 310 between the extension and the bridge of the primary frame, as shown in 
FIG. 15. In one embodiment, the gap is about 1mm. 

FIG. 15 also illustrates the bridge angle 3 14 and an extension angle 3 12 
of the embodiment of the present invention that has a vertical extension at the 
bridge. In one embodiment, with the vertical flange, the bridge angle 3 14 is 
between about 30 degrees and 150 degrees. The extension angle 3 12 is defined 
as the angle between the vertical flange 302 and the bridge 314. In one 
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embodiment, the extension angle is between 45 degrees and 135 degrees. 

FIG. 16 shows the bridges of yet another embodiment of the present 
invention where the bridge of the auxiliary frame includes a U-shaped structure 
350 having two arms, 352 and 354, one on top and one on the bottom of the 
bridge 360 of the primary frame. In one embodiment, the magnetic member at 
the auxiliary frame includes two separate parts, with each part located at each 
arm of the U-shaped structure, for example, the member 358 at the arm 354, and 
the member 356 at the arm 352. Note that the members 356 and 358, each can 
further include more than one portion, as in the second embodiment. In another 
embodiment, the bottom arm 354 does not include any magnetic member. In yet 
another embodiment, the bridge 360 of the primary frame also includes its 
magnetic member, disposed at a location with the correct polarity with respect to 
the magnetic member of the auxiliary frame. 

In the embodiment shown in FIG. 16, when the auxiliary frame is 
attached to the primary frame, the bridge 360 of the primary frame is sandwiched 
between the arms of the U-shaped structure 350. Typically, due to gravity, the 
magnetic member 356 at the top arm 352 of the auxiliary frame is magnetically 
coupled to the bridge of the primary frame, with a gap between the bottom arm 
and the bridge of the primary frame. As an example, the bridge of the primary 
frame is steel, with a thickness of about 1 mm, and the thickness of the U-shaped 

bridge is about 4 mm. 

In one embodiment, each magnet is held in its corresponding frame by a 
housing, which is the immediate area of the frame encapsulating a part, typically 
a significant part, of the magnet. The size of each magnet is slightly larger than 
25 the housing holding it. Each magnet is incorporated into its housing on the 

frame through pressure insertion. To keep the magnet in its housing, the magnet 
is slightly larger than its housing. In one embodiment, at least in one lateral 
dimension, or one of the dimensions a housing holding its magnet, such as the 
diameter of a round magnet, slightly larger means that the difference in size 



20 
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between the magnet and the housing is between 5 microns and 180 microns. 

In another embodiment, the edges of the magnetic coupling surface of 
each magnet are chamfered to remove any sharp corners. If magnets are plated 
after they have been installed into their respective housings, chamferring the 

5 edges improves step coverage in plating. In other words, plating on a magnet 
can be more smooth at the intersection between the magnet and its housing 
through chamferring. Also, chamferring replaces sharp corners with sloping 
corners. If a magnet is installed into its housing through pressure insertion, the 
slopping corners guide the magnet into its housing. One way to chamfer is by 

10 buffing. 

Magnets used in this invention are selected to have sufficient magnetic 
power to couple the frames together. In one embodiment, the magnetic field 
strength of each magnet is between 2500 and 3500 gauss; in another, the field 
strength is more than 2500 gauss, but less than 6000 gauss. In one embodiment, 
1 5 each magnet has a magnetic coupling surface of more than 14 mm square and a 
thickness of more than 1 mm. In another embodiment, each magnet has a 
magnetic coupling surface of at least 14 mm square and a thickness of more than 
2 mm. In yet another embodiment, each magnet has a magnetic coupling surface 
of at least 28 mm square and a thickness of more than 1 mm. 
20 Different embodiments in the present invention can be combined in 

different ways. For example, the vertical flange can be combined with the lateral 
flanges. The hinge can be combined with the lateral flanges. Also, it should be 
obvious to those skilled in the art the methods to build each embodiment. This 
specification will not further describe different fabrication techniques. 
25 Note that the different types of bridges as described, individually, is a 

different embodiment of the present invention. Also, different types of auxiliary 
frames and different forms of primary frames, individually, is also a different 
embodiment of the present invention. 

Other embodiments of the invention will be apparent to those skilled in 
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the art from a consideration of this specification or practice of the invention 
disclosed herein. It is intended that the specification and examples be considered 
as exemplary only, with the true scope and spirit of the invention being indicated 
by the following claims. 
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